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Fig. 1 . —Geological sketch-map of East Yorkshire and Lincolnshire. 


near Malton, cutting the picturesque Derwent gorge and pouring its waters 
into the vast Lake Humber which occupied all the low ground between the 
southern Pennines and the western limits of the Cretaceous escarpment. 
The Lincoln Cliff feature extended northward into this lake as a long, 
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Vale. It extends from the Humber to the Fenlands of South Lincolnshire; 
in the north it includes the basin of the River Ancholme while the southern 
part is drained by the River Langworth, a tributary of the Witham. The 
Vale has resulted from the erosion of the soft Upper Jurassic clays by subse¬ 
quent streams working southward from the Humber and northward from 
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PLATE II 



A.—THE CHALK WOLDS IN SOUTH LINCOLNSHIRE 



B.—HORNSEA MERE IN EAST YORKSHIRE 



C.—THE WITHAM GAP AT LINCOLN 
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Fig. 5. —Lias Fossils. 

(All natural size except C, H and G) 

A, Spiriferina walcotti (J. Sowerby); B, Oxytoma cygnipes (Phillips); C, Cardinia 
aff. concinna (J. Sowerby); D, Protocardia truncata (J. de C. Sowerby); E, Tetrar- 
hynchia tetrahedra (J. Sowerby) (three views); F, Pleuromya tatei Richardson and 
Tutcher; G, Pseudopecten aequivalvis (J. Sowerby); H, Gryphaea incurva J. Sowerby. 
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below which the zonal ammonite is found. These clays thin northward to 
about 17 ft. at Scunthorpe. 

The Spinatum Zone or * Marlstone ’ in South Lincolnshire is represented 
by 35 to 40 ft. of sandy feruginous limestone of which the upper 9 to 16 ft. 
are developed as ironstone yielding 23 to 28 per cent of iron. Rapid thinning, 
however, takes place northward and the iron ore has disappeared at 
Welbourn, 12 miles north of Grantham and some 15 to 20 ft. of clays, with 
a basal phosphatic nodule bed yielding Dactylioceras commune (J. Sowerby), 
constitute this zone as far as Burton, 2 miles north of Lincoln. Beyond this 
point the Marlstone reappears as 4 to 7 ft. of feruginous sandy limestone, 
the lowest 8 in. of which is a loose sandy gravel with bored mudstone pebbles 
of various sizes and small phosphatic nodules. The brachiopods Tetrar- 
hynchia tetrahedra (J. Sowerby) and Lobothyris punctata (J. Sowerby) occur 
in great abundance. This bed with a few feet of overlying clays persists 
northward to the Humber. The two brachiopods just mentioned are highly 
characteristic of the Marlstone, and among other common fossils are 
Passaloteuthis alongata (Miller), Protocardia truncata (J. de C. Sowerby), 
Oxytoma inaequivalve (J. Sowerby), whereas the zonal ammonite, Pleuroceras 
spinatum (Brugutere) is rare. 

Yorkshire.—The northward attenuation of the Middle Lias through 
Lincolnshire persists across the Humber to the Market Weighton axis. 
The beds are 16£ ft. thick at South Cave, 9 ft. at Everthorpe Railway cutting 
and farther north they are just mappable. The Lincolnshire lithological 
subdivisions cannot be recognized and the series consists of shales with 
several thin ferruginous limestone bands, yielding the Marlstone fauna 
and zonal ammonite, but no part of the Margaritatus Zone appears to be 
present. For a distance of 8 miles straddling the axis there is no trace of the 
Middle Lias. Farther north, about 30 ft. are present near the Derwent and 

































the thickness steadily increases in that direction to 265 ft., recently proved 
in a boring in Eskdale. 

In the Howardian Hills the Middle Lias is mainly composed of sandy 
shales and flaggy sandstones with calcareous doggers and yields the common 
Marlstone fossils, but no ammonites. 

In the south-west part of Cleveland the facies changes in the upper part 
of the series; flaggy sandstones give place to clays with thin ironstone bands 
which increase in number and thickness to the north-east. Two broad 
lithological subdivisions have been recognized: 

1. Ironstone Series—silty clays and shales with ironstones. 

2. Sandy Series—sandstones and micaceous shaly silts. 

The Sandy Series is well-exposed along the coast between Redcar and 
Staithes and at the Peak, where the beds are faulted against Upper Lias 
beds and give rise to the well known Peak Steel. The series is marked by 
the great abundance along certain horizons, in descending order, of the 
following shells -.—Protocardia truncata (J. de C. Sowerby), Gryphaea cymbium 
Lamarck and Oxytoma inaequivalve (J. Sowerby). Dentalium giganteum 
Phillips occurs in considerable numbers, while belemnites and Pecten are 

The Ironstone Series has been one of the richest sources of bedded iron 
ore in England; the individual ironstone seams thicken to the north-west 
along the northern escarpment of Cleveland and Eston Moor, while the 
Middle Lias Series as a whole thickens to the east. As a result, the upper 
28i ft. of the Ironstone Series contains 20£ ft. of ironstone in the Eston district 
and the 11-ft. ‘ Main Seam ’ which is the principal seam worked, is in con¬ 
tact with the ‘ Pecten Seam ’, If to 6 ft. thick. The two remaining seams in 
the series, the * Two-Foot Seam ’ and the ‘ Avicula Seam ’ occur below 
the Pecten Seam and though they have been worked in the past the ore is of 
inferior quality. The thinning of the ironstone seams and the development 
of the shales between them (Fig. 6, p. 23) may be traced south-eastwards 
along the coast until at Hawsker Bottoms only a much attenuated Pecten 
seam is found amidst many thin bands and rows of ironstone doggers. 
Typical Cleveland ironstone is an earthy grey rock weathering to rich 
brown or red. In places it is densely oolitic, the irregularly distributed 
pale green ooliths being embedded in a mudstone groundmass. These 
oolitic ironstones were originally considered to have been oolitic lime¬ 
stones, in which the calcium carbonate had been replaced by iron solution. 
Hallimond, however, has shown that the bedded ironstones were essentially 
chemical precipitates, and many of the ooliths are of chamosite, a mineral 
composed of silica, alumina and up to 41 per cent of iron oxide. The 
presence of siderite ooliths is thought to be due to replacement of chamosite. 
The lithological subdivisions of the Middle Lias do not correspond with 
the zonal subdivisions. The clays with the Main Seam above the Pecten 
Seam have yielded several species of Pleuroceras and accordingly they belong 
to the Spinatum Zone, while the remainder of the Ironstones together with 
the Sandy Series are grouped in the Margaritatus Zone. It is evident that 
the deposition of ironstone began earlier in Cleveland in Middle Lias times 
than elsewhere in England, where the Marlstone usually coincides with 
the Spinatum Zone. 
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UPPER LIAS 

The Upper Lias is normally considered to fall into two parts, the Whitbian 
and the Yeovilian; the former is named from Whitby, where fine cliff sections 
afford excellent opportunity for study, the latter from Yeovil in Somerset. 
The ammonite zones included in these two subdivisions are, in ascending 
order, Tenuicostatum, Serpentinum, Bifrons (with Commune) and Jurense; 
only the latter falls into the Yeovilian. 

Lincolnshire.—Between the Upper Lias and the Marlstone of the Middle 
Lias is a Transition Bed which in the Lincoln district consists of 2\ to 
3 ft. of greenish grey shale, the lower part of which tends to become a 
sandstone in places. It contains fine ribbed Dactyliocerates throughout 
and Tiltoniceras acutum (Tate) in the upper part. The Upper Lias outcrop 
is generally a narrow strip of clay land between the Lincolnshire Limestone 



Fig. 7 .—Common Lamellibranchs in the Upper Lias. 

(All natural size) 

A. Inoceramus dubius (J. de C. Sowerby). 

B. Nuculana ovum (J. de C. Sowerby). 

C. Steinmannia bronni (Voltz). 

escarpment above and the Marlstone platform below. The principal expo¬ 
sures occur around Lincoln where it has been worked in several brick¬ 
yards. The series consists, in the lower part, of black shales with lenticular 
nodules of mudstone, bands of shelly material and thin limestones with fish 
and insect remains, while blue clays with large septaria and comminuted 
shell beds containing small gastropods and lamellibranchs comprise the 
upper part. 

All the Upper Lias zones are represented except that of Jurense and the 
upper part of the Bifrons Zone. Their absence from the sequence is due 
partly to the removal of material by denudation prior to the deposition of 
the Northampton Ironstone and partly to non-deposition. The successive 
zones, from the base upwards, when traced from north to south in Lincoln¬ 
shire are found to thicken, the upper zones being greatly reduced or absent 
towards the north (Fig. 9, p. 31). S. S. Buckman, Beeby Thompson and 
Dr. A. E. Trueman have shown that these variations are the result of the 
progressive migration southward of the basin of maximum deposition 
throughout Upper Lias times; the successive stages of this migration are 
clearly represented in a series of diagrams (Fig. 14) on page 63 of the 1947 
edition of ‘ British Regional Geology, Central England ’. 
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The best hard jet occurs as sporadic lenticular masses in the upper 10 ft. 
of the Jet Rock. This lustrous black mineral is undoubtedly derived from 
drifted wood which has undergone decomposition while retaining the 



Fig. 8. —Upper Lias Ammonites from Whitby. 

(All half natural size) 

A. Harpoceras exaratum (Young and Bird). 

B. Dactylioceras commune (J. Sowerby). 

C. Grammoceras aff. thouarsense (d’Orbigny). 

D. Hildoceras bifrons (Bruguiere). 

cellular structures in a crushed and contorted conditions; it is also note¬ 
worthy that spore cases of plants, either wind-borne or drifted, are common 
in the Jet Rock Series and Alum Shales above. Whitby Jet was worked 
in the Bronze Age and was pupular in Roman times; magnificent examples 
of Roman carved jet along with partly worked and unworked blocks have 
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PLATE III 



A.—OLD MINE ADITS IN THE CLEVELAND IRONSTONES IN THE CLIFF AT BRACKENBURY WYKE, 
NEAR STAITHES 



B. — THE BLEA WYKE BEDS AND DOGGER 
AT BLEA WYKE POINT, RAVENSCAR 
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PLATE IV 



a.—ichthyosaurus tenuirostris Conybeare 
(Extreme width of specimen 6 ft. 3 in.) 



b.—plesiosaurus dolichodeirus Conybeare 
{Length of specimen 5 ft. 9 in.) 


CHARACTERISTIC MARINE REPTILES OF THE LIAS 
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and are overlaid in the country east of Grantham by the celebrated Ancaster 
Freestone (15 to 38 ft.) which, locally, at Ancaster, includes a bed rich 
in corals. The Ancaster Rag, up to 18 ft. thick, overlies the Freestone 
and completes the Lincolnshire Limestone Series in the Grantham area; 
the Rag is frequently pisolitic and locally rich in small rolled gastropods 
which show marked differences from those in the lower beds. Locally, at 
Lincoln, the lowest beds—Blue Beds—rest non-sequentially on the North¬ 
ampton Ironstone and the overlying ‘ Silver Beds ’ have yielded a few 
ammonites of the discites subzone. North of Lincoln the Ancaster Rag is 
known as the ‘ Hibaldstow Oolite ’. 

In North Lincolnshire, the Lower Estuarine Series is succeeded by argil¬ 
laceous shales and limestones, known as the 4 Kirton Beds ’, with Acantho- 



Fig. 10. —Inferior Oolite Fossils. 

A. and B. Acanthothyris crossi (Walker). 

C. Parvirhynchia kirtonensis Muir-Wood. 

D. Lima ( Plagiostoma ) rodburgensis Whidbome. 

E and F. Haploecia straminea (Phillips). 

thyris crossi (Walker). At Kirton a fossiliferous coral bed occurs in the 
lower part of the cement stones and small reef knolls are also frequent 
near their upper limit. Only the upper 15 ft. or so of these beds are com¬ 
mercially important. Between Scawby and the Humber a local series of 
buff oolitic marls and thin limestones, up to 15 ft. thick, known as the 
Santon Oolite intervenes between the brown Lower Estuarine Sandstones 
and the Kirton Beds, which are followed by the thick, buff Hibaldstow 
Oolites. 

North of the Humber these limestones are represented by the Cave Oolite 
which rests on the Lower Estuarine sandstones, both of which thin out 
towards the Market Weighton axis. The scarcity of ammonites in the 
Lincolnshire Limestone makes its correlation with other deposits difficult; 
however, the brachiopods appear to indicate that it is equivalent to the 
Middle and Upper Inferior Oolite, with the base in the discites subzone. 
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North of Market Weighton the Middle Jurassic beds first appear near 
Kirby Underdale; they continue to thicken northward through the Howardian 
Hills where they give rise to a broad, much faulted, outcrop which is, 
however, considerably less wide along the foot of the steep escarpment of 
the Hambleton Hills. Farther north these deltaic beds form the Cleveland 
escarpment and the broad expanse of moorland which spreads eastward to 
the coast near Cloughton and Scalby and crop out in the lower part of the 
cliffs at Gristhorpe Bay. 

The Yorkshire basin north of the Market Weighton ridge was steadily 
sinking, with a line of maximum depression running approximately from 



Pig. 11 .—Diagrammatic sections showing the variations in thickness of the Middle 
Jurassic beds across North-east Yorkshire. 

(After Black) 


the Peak on the coast to Burton Howe on the western escarpment. Changes 
in the character of the sediments near this line are illustrated in Fig. 11. 
On the coast the Millepore Bed reaches the axis of depression but is not 
recognizable farther north. On the western escarpment the Eller Beck Bed 
(ferruginous facies) replaces the Hydraulic Limestone (calcareous facies) 
near Sutton Bank; the Whitwell Oolite, which is the equivalent of the 
Millepore Bed, dies out near Kirby Knowle, about 3 miles farther north; 
and finally, the calcareous development of the Grey Limestone Series gives 
way to a more gritty (northern) facies some 5 miles north again, between 
Over Silton and Osmotherley. These changes take place successively north¬ 
wards in a strip of country 8 miles wide and lying just south of the crest of 
the Cleveland Anticline. The sequence of the Middle Jurassic deposits on 
the coast is shown below. 

The beds between the Upper Lias and the Lower Estuarine Series proper 
have usually at least one well-marked surface of erosion. Often there is 
another erosion surface, slightly above the base of the Lower Estuarine 
Series; this cuts through the lowest Estuarine beds into the Dogger and in 
some places into the Alum Shale below. The marine beds which are found 
































of corals of the genera Montlivaltia and Thecosmilia. This bed is more 
richly fossiliferous than the shelly limestones in the hills west of Bilsdale and 
is unlike any other development of the Dogger in this part of Yorkshire. 
The Dogger at Blea Wyke Point is completed by 10 ft. of chamosite oolite. 

North west of the Point the Dogger is reduced to 27 ft. at the Peak Fault; 
within this short distance the Terebratula Bed has passed into a thick pebble 
bed, the green sandstones are replaced by chamosite oolite, and the upper 
10 ft. of chamosite oolite is replaced by sideritic sandstones with a basal 
pebble bed. 

West of the Peak Fault, the Dogger rests non-sequentially on the Alum 
Shales and varies in thickness from 4 in. up to 12 ft. Two principal facies 
variations are recognized, (a) sideritic sandstone from Peak to Kettleness, 
and (b) oolitic chamositic sandstones and chamosite-oolites with a siderite 
matrix from Kettleness to Boulby. In the Mulgrave-Sandsend district it is 
fossiliferous and has yielded a fauna of upper Opalinum Zone (Lower 
Aalenian) age. Elsewhere in North Yorkshire the Dogger is not always a 
recognizable bed but is often conspicuous as a 5-ft. band of calcareous 


Ammonites obtained from feruginous shales usually included in the 
Dogger in the moorland dales have enabled Mr. W. E. F. Macmillan to 
refer these beds to the Jurense Zone. In Glaisdale, Trucky Rock Hole 
west of Whitby, and elsewhere, the Dogger has yielded ammonites charac¬ 
teristic of the upper part of the Opalinum Zone; while at Loftus and in the 
hills west of Bilsdale it is of later date and yields species characteristic of 
the Murchisonae Zone. 

In the Howardian Hills the Dogger has an extremely irregular distribution 
and when present consists of ferruginous shelly sandstone with abundant 
cementstone pebbles in the lower part. In the Derwent Valley and around 
Terrington it is about 12 ft. thick and has been used for road metal and 
building—Sheriff Hutton Castle was built of this stone in the eleventh 
century. South-east of the Derwent Valley it becomes much thinner and is 
scarcely recognizable beyond Acklam. 

Eller Beck Bed and Hydraulic Limestone.—The Eller Beck Bed is found 
some 100 to 150 ft. above the Dogger, and where the Millepore Bed is absent 
it provides a useful plane of reference. Lithologically it consists of ironstones, 
ferruginous sandstones and shales, frequently crowded with marine fossils, 
mainly lamellibranchs; characteristic forms are Astarte minima Phillips, 
Pleuromya, Gervillella and species of Pholadomya. ' 

On the coast the Eller Beck Bed is not seen south of Iron Scar, between 
Cloughton and Hayburn Wyke. In the western escarpment it can be traced 
southwards to the neighbourhood of Sutton Bank, where the ferruginous 
facies is replaced by a calcareous one. From this point southward into the 
Howardian Hills this marine band is known as the Hydraulic Limestone. 
Though not as a rule well exposed, it contains a distinctive band of fine- 
textured, grey argillaceous limestone which breaks with a conchoidal fracture, 
and consequently, the few fossils it contains are not easily extracted. 

Millepore Bed and Whitwell Oolite.—The reefs and scars off Yons Nab, 
north of Gristhorpe Bay, are formed from the Millepore Bed, which consists 
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PtilophyUum, pecterv Matcmidtunt (joeppa’tL ClacLophLebia dentUxJbaJua, 

(Phillips) (Ettlng shausen) (Brongniarl) 


Fig. 13. —Fossil Plants of the Estuarine Series in Yorkshire. 
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PLATE V 




A.—CURRENT BEDDING IN ESTUARINE SERIES AT 
SPION KOP, WHITBY 


B.—LINCOLNSHIRE LIMESTONE OVERLYING NORTHAMPTON IRONSTONE AT 
GREETWELL, NEAR LINCOLN 
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PLATE VI 



A. — CUFFS OF CORALLIAN BEDS OVERLAIN BY BOULDER 
CLAY ON THE NORTH SIDE OF FILEY BRIGG 



B.—KELLAWAYS ROCK, HACKNESS ROCK AND OXFORD CLAY CAPPED BY LOWER 
CALCAREOUS GRIT AT HIGH RED CLIFF, CAYTON BAY, NEAR SCARBOROUGH 
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these shales at Boltby Scar have yielded ammonites of the Lamberti Zone. 
In the Howardian Hills outcrops of the Oxford Clay are sporadic owing to 
the faulted nature of the area; it is about 60 to 70 ft. thick and at High 
Hutton ammonites common in the Lamberti Zone have been obtained. 

South-east of the Derwent, Oxford Clay forms occasional low banks at 
the foot of the Wolds and is less than 20 ft. at Garrowby beyond which it 
disappears completely towards the Market Weighton axis. About 50 ft. of 
Oxford Clay occurs to the south of that axis, and the basal portion has yielded 
ammonites belonging to the Jason Zone. While the Kellaways Rock and 
Oxford Clay are remarkably unfossiliferous, the Hackness Rock has yielded 
abundant fossils. From the lower part, in particular, species of the ammonites 
Kosmosceras, Cadoceras , Peltoceras , and Proplamilites koenigi (J. Sowerby) 
and many Gryphaeas have been recorded on the coast. From the fossils it 
appears that the Kellaways Rock of the coast represents the lower part of 
the Kellways Beds of the rest of England, while the overlying Hackness 
Rock is equivalent to the Lower and Middle Oxford Clay, and that the 
whole of the Yorkshire Oxford Clay ranges from the Coronatum Zone to 
the; Mariae Zone. 



Fig. 15 —Harwood Dale and the north-facing Corallian escarpment of the Tabular 
Hills. 


The Corallian Series. —The argillaceous conditions of the Oxford Clay 
were terminated by an influx of fine arenaceous material which marks the 
beginning of the Lower Calcareous Grit, the lowest member of the Corallian 
Series. The great spread of these rocks, made up of many hundreds of feet 
of sandstones and oolitic limestones, may be conveniently divided into 
the three topographic areas of the Tabular, Hambleton and Howardian 
hills. 

In the Tabular and Hambleton hills areas the strike is generally east and 
west, with a low dip to the south. The harder beds tend to weather out as 
plateaux increasing in height from the coast westward to Black Hambleton 
(1,300 ft. O.D.). The plateaux are terminated by steep banks or even preci¬ 
pices in a remarkable line of escarpments facing the Cleveland Hills (Fig. 4 
and 15), broken only by the numerous rivers and streams which flow south¬ 
ward through steep-sided gorges (Forge Valley, Newtondale, Ryedale, &c.) 
into the Vale of Pickering. 

Intense faulting complicates the stratigraphy in the Howardian Hills 
and the strike of the beds is approximately E.S.E.-W.N.W. with varying 
degrees of dip to the N.N.E. 

Well-defined fault-scarps occur on the north and south sides of the 
Coxwold-Gilling Gap, but the Gilling escarpment becomes less marked 
towards Hovingham. 
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with the small brachiopod Thurmannella thurmanni (Voltz), the oysters 
Exogyra nana (J. Sowerby) and Gryphaea dilatata J. Sowerby, other lamelli- 
branchs such as Chlamys fibrosa (J. Sowerby), Trigonia triquetra Seebach and 
Modiolus bipartitus (J. Sowerby), and the sea-urchins Nucleolites scutatus 
Lamarck and Collyrites bicordata (Leske). 

Hambleton Oolite Series.—This series consists mainly of oolitic limestones 
which in the Hackness Hills and coast sections exhibit considerable variation 
in lithology and fauna.* The whole series is lenticular, being thickest about 
Kirby Moorside, and is confined to the Tabular and Hambleton hills, there 
being no certain representative of it in the Howardian Hills. In the Filey 
district the conjunction of irregular hard bands with equally uneven inter¬ 
calated sandy partings in the lower beds is considered to indicate intermittent 
intraformational erosion during deposition. The series amounts to 28 ft. at 
Filey Brigg, but increases to about 54 ft. at Scarborough Castle Hill, where 
the upper 26 ft. are oolitic limestones and the rest variable sandstones and 
harder detrital limestones. 



Fig. 16. —Fossil Sponges from the Corallian (Hambleton Oolite) of Hackness. 
(All natural size) 

A. Corynella chadwicki Hinde. 

B. Holcospongia floriceps (Phillips). 

C. Holcospongia polita Hinde. 


In the Hackness Hills the upper 30 ft. are of oolite resting on 11 ft. of the 
unique Coral-Sponge Rag, the latter consisting of an intimate mixture of 
masses of compound coral and sponges along with a profuse associated 
fauna in a matrix of reef detritus and fine mud. The most abundant fossils 
from the numerous quarries in this deposit include the sponges, Holcospongia 
floriceps (Phillips), H. polita Hinde, Peronidella recta Hinde; the corals 
Thamnasteria concinna (Goldfuss), Isastraea explanata (Goldfuss), Rhab- 
dophyllia phillipsi Edwards and Haime; numerous Terebratulids, Cidarid 
spines and many mollusca, such as Chlamys fibrosa (J. Sowerby), Camptonectes 
lens (J. Sowerby), Ostrea quadrangular is Arkell, Astarte ovata Smith and 
Pseudomelania heddingtonensis (J. Sowerby). 

Certain of the beds in the Scarborough and Filey sections contain sponges, 
rolled fragments of Rhabdophyllia , Cidarid spines and small Terebratulids 
and may be correlated with the Coral-Sponge Rag of Hackness. Another 
noticeable feature of these beds along the coast is the profusion of oysters 
and annelid incrustations, indicating shallow water conditions. 

* These beds attracted much attention from William Smith, the ‘ Father of English 
Geology ’, who lived at Hackness from 1828-1834. 
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In the Forge Valley area the Coral Rag is represented by a massive 
Thamnastraean reef, 22 ft. thick, which was cut through, locally, by a channel 
into which reef detritus was swept and in which lived a fauna quite distinct 
from that inhabiting the reef. Among the fossils occurring in the channel 
deposit are the gastropods Bourguetia striata (J. Sowerby) (very large and 
abundant), Pseudomelania heddingtonensis (J. Sowerby), Trochotoma tornatilis 
(Phillips), Nerinea yisurgis Roemer, Natica arguta Phillips, together with 
Hemicidaris intermedia (Fleming), Paracidaris smithi (Wright), large numbers 
of the small ‘ Terebratula' kiitgsdownensis Arkell, Nayicula quadrisulcata 
(J. de C. Sowerby) and many other lamellibranchs. 

West of Thomtondale the lowest 9 to 13 ft. of the series are impure oolites 
with shell beds and occasional nests of corals; then come 18 to 20 ft. of shelly 
oolites—the Pseudomelania Limestones—and about 15 ft. of earthy and 
detrital limestones—the Pickering Limestones, capped by a single hard 
bed of claystone—the ‘ Throstle ’. 

West of Pickering the Coral Rag is characterized by the corals Thecosmilia 
annularis (Fleming), Montliyaltia dispar (Phillips) and Rhabdophyllia phillipsi 
Edwards and Haime along with the usual reef-dwelling mollusca and other 
fossils; it seems probable that unstable coral banks rather than true reefs 
existed hereabouts. 

In the south Hambleton Hills the Coral Rag, underlain by about 40 ft. 
of oolites, extends from Oswaldkirk through the Cauklass Promontory and is 
identical in character with that around Sinnington and Kirby Moorside. 
Locally, between Helmsely and Sproxton, the Coral Rag is represented by a 
fine-grained argillaceous limestone containing stray reef fossils and occasional 
lumps of dark chert. 

In the Howardian Hills the Coral Rag occurs above shelly and oolitic 
limestones, which, in the vicinities of Appleton-le-Street and North Grimston 
are represented by the impure marly ‘ Urchin Dirt Beds ’ which carry large 
numbers of Nucleolites scutatus Lamarck. The Rag is well developed around 
Gilling, Hovingham, Slingsby, Malton and North Grimston; at the last- 
named locality it contains much nodular chert. 

At Hildenley, neat Malton, there is a faulted mass of pure white limestone 
with stray reef fossils; this represents fine calcareous mud washed from some 
nearby reef now no longer visible. 

Upper Calcareous Grit.—At the close of the Osmington Oolite period 
of sedimentation conditions again became sufficiently arenaceous to be 
inimical to the continuance of coral growth, for the succeeding deposits 
are the 46 ft. of well-bedded buff gritstones known as Upper Calcareous 
Grit. In the meantime, however, submarine erosion has levelled out the banks 
and reefs of the Coral Rag and it is evident that in this process the detritus, 
along with the finer incoming arenaceous material, was washed southward 
over the site of the Howardian Hills. The outcrop of the Upper Calcareous 
Grit is limited; it forms an intermittent cap to some of the southern ridges 
of the Tabular Hills, but is continuous from Pickering westward through 
Helmsley into the south-east part of the Hambleton Hills and the Cauklass 
Promontory. Throughout the whole of this area it is a fine-grained gritstone 
resting on a variable thickness (10 ft. at Pickering) of sandy shales, and 
though an impoverished fauna is to be expected, the lamellibranchs Gryphaea 
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dilatata J. Sowerby, Lucina fulva Arkell, Chlamys fibrosa (J. Sowerby), 
C. midas (d’Orbigny) and Camptonectes lens (J. Sowerby) and fragments of 
ammonites are fairly common. There are excellent sections in these beds 
at Pickering, in Hutton Beck and in the Nunnington railway cutting. 

In the Howardian Hills, rocks of this age occur at two localities; at Snape 
Hill, near Kilburn the sequence comprises 48 ft. of alternating hard and soft 
beds of fine calcareous mudstone which become more arenaceous in the 
upper 12 ft. 

Similar beds occur between Langton and North Grimston where they 
are known as the ‘ North Grimston Cementstones ’; about 36 ft. are visible 
but Fox-Strangways estimated the full thickness at about 80 ft. They have 
yielded large numbers of the oyster Gryphaea dilatata J. Sowerby, together 
with Gervillia sulcata £tallon, Pholadomya hemicardia Roemer, Exogyra nana 
(J. Sowerby) and fragments of belemnites and ammonites. 



Fig. 17. —Kimmeridge Clay Fossils. 

A. Rasenia uralensis (d’Orbigny). 

B. Discina latissima (J. de C. Sowerby). 

C. Lucina minuscula Blake. 


Formerly it was thought that the Kimmeridge Clay lay unconformably 
on these cementstones, but it has since been shown that there is a gradual 
passage between the two. 

Kimmeridge Clay.—The Kimmeridge Clay underlies the broad Vale of 
Pickering, upwards of 400 ft. of poorly fossiliferous shales and clays being 
present beneath the alluvial deposits while isolated patches of the clay resting 
on the Upper Calcareous Grit border the alluvium along the northern fringe 
of the Vale. The lowest part consists of brown, grey and mottled shales with 
Ostrea delta Smith, Exogyra nana (J. Sowerby) and Serpulae and is followed 
by black shales and clays. 

There are isolated outcrops of Kimmeridge Clay in the Howardian Hills 
near Malton, Birdsall and North Grimston where fossils indicate the presence 
of the Rasenia Zone. Southward towards the Market Weighton axis it 
diminishes in thickness and disappears altogether between Acklam and 
Kirby Underdale; nor does it reappear north of the Humber. 












VI. THE CRETACEOUS SYSTEM 

IN THE closing ages of the Jurassic Period the retreat of the sea had 
proceeded so far that the greater part of Britain became land; in fact, no 
trace of Jurassic deposits of post-Kimmeridgian age has been found in 
Lincolnshire and East Yorkshire. After a considerable interval, our area was 
invaded from the east by the advancing waters of the early Cretaceous sea, 
and a series of sands, clays, limestones and ironstones was laid down uncon- 
formably on the eroded surface of the Kimmeridge Clay in Lincolnshire, 
while at Speeton, on the Yorkshire coast, a considerable thickness of clays 
accumulated under quiet marine conditions. At the close of Lower Cretaceous 
time there was a further general reduction of the surrounding land areas, and 
the sea in which the Chalk was deposited spread far and wide. 


Lower Cretaceous 


Lower Cretaceous strata cover much of Lincolnshire; around Spilsby 
at the southern end of the Wolds, their outcrop is nearly 6 miles wide and 
it extends northward with diminishing width for a distance of about 30 miles 
before finally disappearing in the vicinity of Elsham. Throughout this tract 
the series rests unconformably on the Kimmeridge Clay; it is thickest and 
most fully developed in the south where Professor H. H. Swinnerton has 
recently established the following succession: 



Spilsby Sandstone.—In the lowest 3 ft. of the Spilsby Sandstone there 
are large numbers of phosphatic nodules, decreasing upwards in numbers 
and size, which contain derived Portlandian ammonites and other fossils 
of boreal types, bored by the lamellibranch Martesia. At the base is a thin 
layer of blue clay riddled with worm borings infilled with white sand. 
Generally, the sandstone comprises soft greenish yellow sands and light grey 
clay with widely disseminated glauconite. In some places it is brown and 
ferruginous and often contains sandy phosphatic nodules. Larger concretions 
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Fig. 18. —Diagram showing the variations in thickness and lithology of the Lower Cretaceous rocks of Lincolnshire. 
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Fig. 19. —Fossils from the Lower Cretaceous rocks of Lincolnshire 
(D, E, F and H natural size, others half natural size) 

A. Lyticoceras oxygonium (Neumayr and Uhlig). 

B. Subcraspedites plicomphalus (J. de C. Sowerby). 

C. Camptonectes cinctus (J. Sowerby) 

D, E and F. ‘ Zeilleria ’ tamarindus (J. de C. Sowerby) var. magna (Walker). 

G. Exogyra sinuata (J. Sowerby). 

H. Cucullaea ( Dicranodonta ) donningtonensis Keeping. 
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Fig. 21 .—Speeton Clay Fossils. 

(All natural size) 

A. Lyticoceras regale (Bean). 

B. Dichotomites ramulicosta (Pavlov). 

C. Hibolites jaculum (Phillips). 
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Fig. 22 .—Ammonites from the Speeton Clay. 

(All natural size) 

A. Polyptychites gravesiformis (Pavlov). 

B. Aegocrioceras capricornu (Roemer). 

C. Simbirskites concinnus (Phillips). 

ammonites are abundant and enable many of the Continental Neocomian 
zones to be recognized. The ‘ brunsvicensis ’ beds comprise a considerable 
thickness of light and dark clays and in the upper part there are numerous 
layers of cementstone nodules; the belemnite fauna of these beds is quite 
distinct from that of the jaculoides beds below. Marls and clays complete 
the remainder of the series up to the Red Chalk; the lowest part, the ‘ ewaldi ’ 
marl is characterized by the presence of Neohibolites ewaldi (Strombeck) 
and N.fusiformis (Miller), while N. listen (Mantell) occurs in the higher beds. 
In beds D4 and D5 it is interesting to note the presence of Lingula ovalis 
J. Sowerby, a small brachiopod of a genus which has persisted since 
Ordovician times to the present. Bed C4 contains a remarkable line of 
nodules, most of which enclose the remains of a shrimp, Meyeria ornata 
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Fossils occur in most of the beds of the Lower Chalk in Lincolnshire and 
Yorkshire but are not plentiful. In the Grey Chalk there are occasional 
ammonites of the genus Schloenbachia, and the oyster Ostrea vesicularis 
Lamarck is abundant. Exogyra conica (J. Sowerby), Inoceramus crippsi 
Mantell, I. anglicus Woods, I. etheridgei Woods, Plicatula inflata J. de C. 
Sowerby, Lima globosa (J. Sowerby), Pseudolimea spp., Entolium orbiculare 
(J. Sowerby) and Oxytoma seminudum (Dames) are other characteristic 


SOUTH CAVE LEAVENING SPCETON 



Fig. 24. —Comparative vertical sections in the Lower Chalk of East Yorkshire. 


lamellibranchs. Terebratulids are common, especially species of Ornatothyris 
at South Ferriby, on the south bank of the Humber. Terebratulina ornata 
Roemer is common in the Lower Pink Band. Among sea-urchins, Holaster 
subglobosus (Leske) occurs in the lower part and is replaced by H. trecensis 
(Leymerie) in the upper beds. Discoidea cylindrica (Lamarck) occurs with 
Echinocorys sphaericus Schluter. Other fossils include the worms Serpula 
antiquata J. de C. Sowerby and S. umbonata (Mantell). Isolated valves of 
the cirripede Zeugmatolepas mockleri Withers are common in the Sub¬ 
globosus Zone of Yorkshire. 


MIDDLE CHALK 

In East Anglia and the south of England the Melbourn Rock succeeds 
the Plenus Marls at the top of the Lower Chalk, but in Lincolnshire and 
Yorkshire there is no such rock, though 10 to 13 ft. of grey shelly chalk with 
numerous marly partings contain perfect specimens of the lamellibranch 
Inoceramus labiatus (Schlotheim) and the brachioped ‘ Rhynchonella ’ cuvieri 
d’Orbigny, both regarded as index fossils for this subdivision. 

In addition, the following have been recorded mainly from Lincolnshire; 
* Terebratula ’ biplicata J. Sowerby and ‘ T* semiglobosa J. Sowerby (also 
found in Yorkshire), Ostrea vesicularis Lamarck and a Holaster. 









































































































68 


EAST YORKS. AND LINCS. 



Fig. 25. —Fossils from the Chalk. 


(G, F and I natural size, others half natural size) 

A, Isoraphinia texta (Roemer); B, Seliscothon planus (Phillips); C, Verruculina 
macrommata (Roemer) ; D, Scytalia radiciformis (Phillips); E, Ventriculites cribrosus 
(Phillips) (A-E from the Flamborough Sponge Bed); F, Uintacrinus socialis 
Grinnell; G, Marsupites testudinarius (Schlotheim) ; H, Inoceramus lingua Goldfuss; 
I, Hagenowia rostrata (Forbes); J, Discoscaphites binodosus (Roemer). 
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VII. THE CLEVELAND DYKE 



1929 —- 








VIII. THE PLEISTOCENE AND RECENT 
DEPOSITS 


in this region the ‘ solid’ formations end with the Cretaceous Period, 
and the succeeding Tertiary epoch was heralded by a general uplift which 
gave an E.S.E. tilt to the area. This was also accompanied by differential 
movement which produced the broad Cleveland anticline. During this 
time the essential features of the present topography and the final develop¬ 
ment of the valleys were created by the prolonged denudation of this upland 
area. All this took place during the greater part of Tertiary time. 



Subsequent to the valley cutting there was the accumulation of a miscel¬ 
laneous assemblage of deposits usually included in the omnibus term of 
* Drift deposits ’. These fall into two broad categories, those related to present 
71 
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it has been shown that an intricate system of these lakes existed in north-east 
Yorkshire (Fig. 29). Small lakes were impounded by ice fronts in the 
valleys draining the northern slopes of Cleveland, and as the more elevated 
ones were filled up, their waters cut marginal channels leading into lower 



Fig. 28.— Sketch-map of the York and Escrick moraines. 


lakes and eventually most of this water found its way into Lake Eskdale, 
which in turn spilled over the lowest part of Cleveland to cut the overflow 
channel of Newtondale (Plate VIIIA) leading to the vast Lake Pickering. 

Another lake was formed in the vicinity of Hackness by ice blocking the 
seaward end of the Derwent Valley at Scalby and when it was full its over¬ 
flowing waters passed over a low col in the Corallian escarpment to the 
south and cut the picturesque gorge of Forge Valley. 























East Yorks, and Lines. ( Geo!. Surv.) 


PLATE VII 



A.—GRAVELS AT THE FOOT OF THE ANCIENT CHALK BEACH 
AT SEWERBY, NEAR BRIDLINGTON 



B. — CRUMBLING CLIFFS OF BOULDER CLAY AT ATWICK, YORKSHIRE 


[To face page 76 





East Yorks, and Lines. ( Geol. Surv .) 


PLATE VIII 



A.—NEWTONDALE, A GLACIAL OVERFLOW CHANNEL NEAR 
PICKERING, YORKSHIRE 



B. — SUBMERGED FOREST-BED ON THE FORESHORE AT 
NORTH FERRIBY, NEAR HULL 
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Fig. 29.— Sketch-map showing the Glacial Lakes of Cleveland. (After Kendall.) 
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Scandinavia was one of the main centres of ice accumulation and a sheet 
of ice advanced across the North Sea, impinged upon the north-east coast 
and invaded the low ground of Holderness, Lincoln Marsh and areas farther 
south, bringing with it erratics of Scandinavian origin and sediment with 
marine shells swept from the sea bed, eventually leaving it as contorted 
masses within the boulder clay. Ice from the Cheviots also came south 
through Northumberland and Durham, while other ice coming from the 



Fig. 30.— Sketch-map illustrating the later stages in the Glaciation of the North of 
England when, during the retreat stage, the moraines in the vicinity of 
York were being formed. (After Raistrick.) 


Irish Sea and Lake District, reinforced perhaps by local Pennine ice, pushed 
its way over Stainmoor into our area. 

At an early stage a northern ice stream advancing down the Vale of York 
joined with invading ice from the North Sea to produce the Chalky Boulder 
Clay in Lincolnshire, East Anglia and the Midlands. Some of this ice forced 
its way over the southern part of the Lincolnshire Wolds and its travel over 
the different rock formations is reflected in the clay which varies in com¬ 
position from place to place. The scattered drifts of the Trent Valley may 
also be products of this ice, for at some stage a lobe of ice carrying Scandi¬ 
navian erratics must have entered this area, perhaps through the Humber 

gap. 
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IX. THE GEOLOGICAL STRUCTURE OF 
THE REGION 


the general uplift of the Pennines which began in late Carboniferous 
times, was renewed after the close of the Cretaceous Period and resulted in 



the whole succession of rocks in this area being elevated as an eastward 
dipping platform. Two major structures are present in this platform, the 
Cleveland Uplift and the Market Weighton anticline; the former is obvious 
at the surface, being formed by differential movements in Tertiary times. 
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Fig. 32. —Diagram showing the effect of the Market Weighton axis on sedimentation 
throughout Jurassic and Lower Cretaceous times. 

The position of the axis is shown by the triangular symbol. 

which greatly influenced the character and amount of the sedimentation. 
One of these critical zones persisted during Jurassic and Lower Cretaceous 
times in the vicinity of Market Weighton in East Yorkshire. Most of the 
formations laid down in these times in Yorkshire and Lincolnshire exhibit 
marked abnormalities in character and thickness as they approach this 
west-north-west to east-south-east axis. 
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X. ECONOMIC PRODUCTS 


Iron.— The region includes two of the most important iron-producing 
fields in Britain. Many of the rocks of the Lower and Middle Jurassic and 
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